Liver DNA, obtained at various time intervals from rats chronically fed a choline-devoid diet, was analysed for the presence of aromatic or alkyl adducts by the 32 P-postlabeKng assay. Alkyl adducts were not detected. Aromatic DNA adduct lesions were revealed, but only at levels (1 adduct per 0.5-3 x 10 9 nucleotides) which are at the limits of the extremely high sensitivity of the method used, levels which remained constant throughout the period of feeding. Thus, contamination of the total environment of the animals with chemical carcinogens does not appear to be responsible for the genesis of the hepatocellular carcinomas that develop in rats chronically fed a choline-devoid diet. The diet, therefore, either acts as a complete carcinogen, or promotes the evolution to cancer of endogenous, 'spontaneously' initiated liver cells.
Recent findings (1-3) have shown that a high incidence of metastatic hepatocellular carcinomas (HCCs*) develops in rats chronically fed a choline-devoid (CD) diet and not exposed intentionally to chemical carcinogens. In contrast to what might have been the case in earlier studies (4, 5) , the diets were found to contain no significant level of likely chemical carcinogen contaminants, including aflatoxins, leading to the conclusion that a CD diet is a complete carcinogen, able to initiate liver cells, as well as to promote the evolution of initiated cells to HCCs (1) (2) (3) (4) (5) . However, die possibility remained that other relevant chemical contaminant(s) in the diet might have been overlooked, or might have been present in the drinking water or the ambient of the animals. To assess this possibility, liver DNA adduct analyses were performed by means of the 32 P-posdabeling assay (6, 7) . This method has an extremely high sensitivity, since it can detect one modified residue, generated by aromatic or alkylating chemical carcinogens, per 10 10 or 10* nucleotides, respectively (6,7). Furthermore, it can detect, at one time, a wide spectrum of adducts irrespective of the nature of test chemicals (7) (8) (9) .
Male Fisher-344 rats weighing 90-110 g were placed on a refined choline-supplemented (CS) or CD diet, and were killed after 3 weeks, and 3, 6, 9 and 11 mondis, or longer, as described in detail elsewhere (3) . HCCs developed in rats fed the CD diet for 13 months or longer. The progression of histopathological lesions in the liver, die incidence of hepatic tumors and the histological type of the tumors have also been described elsewhere (3) . Groups of 3-6 rats on each diet, killed at each time inter- val, were used in the present study. DNA was extracted and purified by two methods, as described by Kunnath and Locker (10) and by Gupta (11) , from -1 g of liver. Identical results were obtained with both preparations of DNA.
32
P-Posdabeling assays of aromatic DNA adducts were performed as indicated (6), and briefly described in the legend to Figure 1 . As positive controls, the two following DNA preparations were used. Male Sprague-Dawley rats were given four weekly i.p. injections of 5 mg 2-acetylaminophenanthrene (AAP)/kg body wt (12) , and were killed 20 days after the last injection. Mouse C3H10T1/2CL8 cells were treated in vitro with 1 /ig/ml of benzo[a]pyrene (B[a]P), at 37°C for 24 h (R.C.Gupta, N.Mohapatra and S.Nesnow, unpublished experiments). DNA was extracted and purified from the livers and the cells (11) .
32 PPostlabeling assays for alkyl DNA adducts were also performed as described (7).
The 32 P fingerprints of liver DNA from rats fed the CS or CD diet showed no aromatic adduct spots after autoradiographic exposure for 2 h at -80°C. In contrast, the maps of positive control DNAs, obtained under the same analytical conditions, showed several adducts (Figure 1 , panels i and j), the lowest concentration of which corresponded to ~ 100 fmol/mg DNA, or one adduct in ~3 X 10 7 nucleotides. After prolonged (15 h) autoradiographic exposure, the 32 P fingerprints of liver DNA from rats fed the CS or CD diet revealed at least three faint but distinct spots, corresponding to one adduct in 0.5-3 X 10 9 nucleotides (Figure 1, panels a-h ). The spots were equally present in rats fed the CD (panels a-d) or the CS (panels e-h) diet. Furthermore, neither qualitatively nor quantitatively did the spots change as die period of feeding increased from 3 weeks to > 12 months. These findings, along with the vanishingly low concentrations of the observed adducts, indicate that during experimentation the animals were not exposed to relevant levels of aromatic contaminant(s) in their total environment, or, if they did, that the contaminant(s) had a poor ability to generate DNA adducts. The adduct spots seen in Figure 1 a-h appeared chromatographically distinct from the aromatic amine-and polycyclic aromatic hydrocarbon-DNA adducts previously analysed in one of our laboratories (7, 9) . The spots, however, derived from DNA, rather tiian from any unknown contaminant(s) in the [7- 3: P]ATP used, since they were not observed in J2 P fingerprints obtained in the absence of DNA.
No spots that could be attributed to alkylated DNA adducts were seen within the detection limits of the method (1 adduct in <, 10 s nucleotides; see ref.
2) in liver DNA of rats fed the CS or CD diet (data not illustrated), while DNA adduct-forming mediylnitrosourea, as a control, showed several adducts as previously observed (7) .
In summary, HCCs have been shown to develop in rats chronically fed a CD diet, and not exposed intentionally to chemical carcinogen(s) (1) (2) (3) (4) (5) . The present study was undertaken to assess whether the environment of the animals contains chemical contaminant(s), irrespective of their identity, which could account for the genesis of die tumors by forming DNA adducts. For this purpose, liver DNA was analyzed for the presence of aromatic or alkyl adducts by means of the 32 Ppostlabeling assay (6) (7) (8) . This method has an extremely high sensitivity, even though identification of adducts depends principally on availability of relative reference compounds. The presence of alkyl adducts was not revealed by the analyses, while identical aromatic DNA adduct lesions were detected in liver DNA of rats fed the CD diet, or a control CS diet, but only at the limits of sensitivity of the method, and at invariate concentrations during the whole period of experimentation. The results, therefore, do not seem to support the possibility that conspicuous environmental contaminants) are responsible for the genesis of HCCs in rats fed a CD diet, and seem to lend instead weight to the conclusion that the diet acts as a complete carcinogen (1) (2) (3) (4) (5) . However, there is increasing evidence (see 13) that the liver of several strains of rats, including Fisher-344 rats, contains cells capable of evolution toward cancer, due to 'endogenous' initiation by relevant 'background' factors and agents (14) . One wonders, therefore, whether the barely detectable concentrations of adducts, observed in the present study, might not be related to, or an index of, the presence of endogenous initiated 188 cells in the rats used in these experiments, a possibility clearly suggested also by findings reported by Randerath et al. (15) after submission of this paper. Were this the case, it could be argued that initiated liver cells were present in rats fed both the CD and the CS diet, but that only in rats fed the CD diet did the cells evolve to HCCs, because of the promoting action of the diet (16, 17) .
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